Different approaches are presented for the study of vibrational predissociation of triatomic van der Waals molecules. These methods are applied to the study ofthe He-12 when 12 is excited to the B electronic state.
INTRODUCTION
There has been considerable recent interest in the study of van der Waals (vdW) interactions, since these forces have a profound effect on bulk properties, and in the last decade major advances in experimental methods for observing vdW complexes have been done. A great deal of detailed experimental information on intramolecular forces has stimulated theoretical research for calculating intermolecular potential energy surfaces (PES) and for studying the dynamics of these molecules. Various aspects of vdW molecules have been subject of earlier reviews. [1] [2] [3] [4] [5] [6] [7] [8] [9] VdW molecules are weakly bound complexes of atoms or molecules held together not by chemical understanding of VP of vdW molecules is relevant for the elucidation of the general features of bond breaking processes in chemical systems.
In this work we shall study the vibrational predissociation of triatomic van der Waals molecules of the type X...BC, where X is a rare gas atom and BC is a conventional diatomic molecule. When the chemical bond within the complex is excited we have X-BC* and the energy can flow from the chemical bond to the weak vdW bond and causes its rupture in a time X. BC*(v) BC(v' < v) + X + AE
The fragment BC has lost energy and X flies apart with relative kinetic energy AE.
In the vibrational predissociation process, there are three steps" 
Near an isolated resonance several situations are possible in a general case" absorption to the zero order discrete state, to the zero order continuum states or to both at the same time. In this last case the total photofragmentation cross-section shows the Fano-Beutler profile corresponding to the interference effects between the transitions to the zero order "discrete" and continuum functions.
For van der Waals systems, the equilibrium distances of the fragmentation coordinate for the initial and final electronic states are very similar i.e., the minima of the van der Waals interaction, V(R,r, 0), in the fragmentation coordinate R are supposed to do not strongly vary from the initial to the final electronic states. Then, the Frank-Condon factors will strongly favor the optical transition to the excited discrete states, whereas direct excitation to the continuum states will be extremely weak.
Defining the "shift", A(E), and the halfwidth, F(E), of the resonance as: I(Wsl%)l (9) Ps s,l(Vs,l>12
Ps being constant in the resonance.
The final states of the diatomic fragments are well described in the basis set given by {qgv(r sp( R)jo (r,/)}, where the radial functions of BC, qv(r), are solutions of:
and the "flee rotor" functions in the body fixed frame14 (R)jnSMp(r, /), are given by"
where J e + j is the total angular momentum, M and f > 0 are its projections on the z-axis of the space-fixed and body-fixed frames, respectively, and p __+ is the 
Introduction of Eq. (14) in the time independent Schr6dinger equation with the Hamiltonian given in Eq. (2) leads to the close coupled system"
JMpvj-(R) the usual outgoing asymptotic conditions in terms of
and to obtain the the scattering matrix are imposed: (17) with kvj x//2#(E-Ev-B.j(j + 1)).
The potential matrix elements V,,(R, 0) are usually expanded in terms of Legendre polynomials as" Vv, VZo,P(cosO) (18) so that the angular matrix elements become" (19) where (jl'j2,J3lmx,m2,m3)are the Clebsh-Gordan coefficients.
Usually the resolution of the close coupled equations given by Eq. (15) (20) which has discrete as well as continuum solutions. The stationary states of Hv can be expressed as" (21) o'q coefficients and corresponding energies Eoq are obtained by where the ata, diagonalizing the Hamiltonian represented in the basis set described before. (22) and, after substitution in the time independent Schr6dinger equation, the close coupling system of equations expressed in Eq. (15) are reached, where the sum in the right-hand side is restricted to just one v value and it is solved in a similar way.
Those "bound" states become "quasibound" when it is considered their coupling to the continuum states associated to a different v value, at the same energy Eq, and the corresponding halfwidth, as given in the "Golden Rule" framework, becomes:
where I(O)I'JMpv'---j,n'E,.,, ) must be calculated on the energy-shell E Eo.
The final state distribution of the fragments will then be given by" 
The zero order continuum solutions are written, in the RIOSA frame, as:
where (R;0) are continuum solutions of Eq. (34) fulfilling similar outgoing asymptotic conditions than (Eq. (17)), except the absence of angular functions.
Taking now into account the coupling in the first order "Golden Rule" scheme, 
where the functions b,n,,(R) are the discrete and continuum solutions of:
where v is an integer for discrete solutions and the energy for the continuum solutions.
As in the VD approach, the halfwidth and final state distributions will be obtained in a similar way as those given by Eqs. (23) and (24) (13)).
In Figure 1 , the "exact" numerical points obtained from the resolution of Eq. (15) VDA results are very similar to the "exact" ones. The small discrepancies increase with v and for the halfwidth, F, which is a more sensitive magnitude than the energy, the error varies from 3% for v= 23 to ,-9% for v= 35. The coupling among different v channels, nglected in the VD approximation, increases with v since, due to the anharmonicity, the energy gap between neighboring channels decreases.
The behavior of the VDA and "exact" results are very similar. As it is expected, the higher the vibrational state of the BC fragment, the wider the resonance. This is simply explained in terms of the "energy gap law":29 because of the anhamonicity of the intramolecular potential, the kinetic energy of the fragments decreases when v is increased; the corresponding continuum wavefunction presents less oscillations giving rise to a better overlap with the "stationary' state.
The RIOSA results agree very well with the "exact" ones showing the correct behavior. Now the coupling among v channels is taken into account and the error is expected to be a constant function of v, being 5% for v 23 and for v 26. Therefore, for higher intramolecular vibrational excitations, this approach should be still well adapted, in contrast with the VDA neglecting those couplings among different v channels. This method has also been applied to study the VP of Ne... I217 for 28 < v < 34, i.e., the energetic region for which the v exit channel becomes closed. The halfwidth shows a bimodal shape as a function of v, with one maximum for v 30 and another for v 33. If there were no vibrational couplings only one peak would be present, corresponding to the v value from which the v exit channel becomes closed. When the vibrational couplings are taken into account, it appears a strong interaction among "stationary" states with different v quantum number and a mixing takes place. Then the VP process can be seen as a combination of v-, v-2 and v-1 v-2 decays, and it is the last one, corresponding to the loss of one vibrational quantum, the responsible for the enhancement. In this case the VDA method is no longer suitable because does not correctly describe the couplings.
The VIDRIOSA method is a combination of VDA and RIOSA and only can be applied when the two precedent methods are good enough. In Table 2 it can be seen that the difference among the VIDRIOSA and the "exact" results is of about 15% and constant with v and always overestimates the widths. However the behavior is correct and gives a very good description ofthe problem with a very low computational effort. As in the VDA, it will not give good results when the vibrational couplings become important. For systems with an homonuclear diatomic fragment lighter 25'3 than I2, higher rotational excitation is obtained but the maximum of the distribution remains at low j values. That is because when the two fragments fly appart the atom directly "pushes" on the center of mass of the homonuclear diatomic fragment and an amount of energy can be transfered into rotation, keeping the rotational distribution of the low rotational excited quasibound level of the van der Waals complex.
In contrast, for heteronuclear systems as He... IC127 and Ne... IC126 the diatomic fragments do present very high rotational excitation. In these two systems the rare gas atom lies close to the chlorine end in the equilibrium configuration so that when the fragmentation takes place the X atom "push" the lighter part of the diatomic fragment producing highly rotational excited BC molecules. When changing from He to Ne the maximum of the rotational distribution shifts to higher j values due to mass effect. 31 The final rotational state distributions on v are nearly constant with the energy in a resonance. In Figure 2 the "exact" rotational distribution of the I2 product, coming from the fragmentation of the first van der Waals level for v 23, is shown together with the decomposition of the 'stationary" state (see Eq. (13)) on the "free" rotor basis of the diatom and the quasiclassical results of Ref. (32) . It is also presented the decomposition of the initial "quasibouns" state.
been numerically solved by using an Adams-Moulton integrator initiated by the fourth order Runge-Kutta-Gill integrator. 32'33 The convergency for each magnitude has been found to be very dependent on the total time of each trajectory. For these trajectories with a total time of 50 ps the convergent time step was of 0.4 x 10-3 ps.
In order to determine the initial conditions we have assumed J 0 and a starting diatomic rotational energy corresponding to j=0, which is the most probable quantum rotational state of 12 within the complex. An exact treatment should use a distribution for each of these magnitudes. However, the experimental temperature associated with the distribution over J is very low. Typically, 100 trayectories have been taken into account. 32 Due to the poor statistics, the low rotational levels are somehow overestimated, as can be seen in Figure 2 . Both, "exact" and quasiclassical, are shifted one rotational quantum as compared with the expansion of the "initial" state, showing that in the fragmentation there is a small angular momentum transfer, as it was predicted above.
In Figure 3 , the rotational distributions for v 23, obtained through several quantal approaches, are shown. The "exact" and VDA results are the same in this scale, showing the suitability of such an approach in this v range.
The VIDRIOSA overestimates the probability of finding large j values and reduces that of low j, keeping the general structure of the "exact" results. The RIOSA can be considered as a combination of the centrifugal and the energy sudden approximations. Population of higher j values, as compared with the "exact" calculation, is a direct consequence of neglecting the centrifugal barrier in the standard RIOSA. States with large j values (v e =j for J 0) are more easily accessible and the probability is then increased. On the other hand, for low j's where the centrifugal barrier is not very important, the kinetic energies are increased so that the final probabilities for these states decrease, in agreement with the energy gap law.
The CIVRDA results are however in disagreement with the "exact" ones. While the maximum of the final rotational state distribution is shifted to higher values of j for the "exact" model as compared with the "initial" rotational distribution (see Figure 2 ), the opposite case happens in this approach: the probability of findingj 0 is overestimated as a result of a transfer from the "initial" angular momentum towards the relative motion of the fragments.
In Tables 3, 4 and 5 the approximated quantal final rotational distributions of the 12 fragments as a function of the initial vibrational quantum number are presented. In 32 and with few number of trajectories. Therefore, we can conclude that the vibrational couplings strongly affect the rotational distribution of the diatomic fragment.
CONCLUDING REMARKS
The VP process provides a valuable information about the energy potential surface of the system and, in particular, we have stressed the important role of the final rotational distribution of the diatomic fragment to describe its anisotropy. Since, in general, it is very difficult (and in practice impossible) to obtain the interacting potentials for heavy systems from "first principle" methods, it is important to develop approximate dynamical methods to invert the potential from experimental data,
